Combinatorial chemistry approach to development of molecular plastic solar cells by Godovsky, Dmitri et al.
  
 University of Groningen
Combinatorial chemistry approach to development of molecular plastic solar cells
Godovsky, Dmitri; Inganäs, Olle; Brabec, Christoph J.; Sariciftci, N. Serdar; Hummelen, Jan
C.; Janssen, Rene A.J.; Prato, M.; Maggini, M.; Segura, Jose; Martin, Nazario
Published in:
EPRINTS-BOOK-TITLE
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1999
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Godovsky, D., Inganäs, O., Brabec, C. J., Sariciftci, N. S., Hummelen, J. C., Janssen, R. A. J., ... Martin, N.
(1999). Combinatorial chemistry approach to development of molecular plastic solar cells. In EPRINTS-
BOOK-TITLE (pp. 483 - 486). (CP486). University of Groningen, Stratingh Institute for Chemistry.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
 Combinatorial Chemistry Approach to 
Development of Molecular Plastic Solar Cells 
Dmitri Godovsky, Olle Inganäs, 
IFM, Linköping University, S-581 83  Linköping, Sweden, dmigo¤ifm.liu.se, 
Christoph J. Brabec, N. Serdar Sariciftci, 
CD Laboratory J. Kepler University, Linz, Austria, 
Jan C. Hummelen, Rene A.J. Janssen, 
University of  Groningen and TU Eindhoven, Holland,
M.Prato, M.Maggini, 
University of Trieste, 
Jose Segura and  Nazario Martin, 
Facultad de Qimica, Universidad Complutense, Spain 
Abstract. We used a combinatorial chemistry approach to develop the molecular plastic solar 
cells based on soluble fullerene derivatives or solubilized TCNQ molecules in combination with 
conjugated polymers. Profiles, formed by the diffusion of low molecular weight component n 
the spin-cast polymer host were used. The ratio between low molecular weight acceptor and 
polymer changed along the diffusion gradient direction from 100% to 0% at the distances 10-20 
mm. Optical and electrophysical properties such as absorption, luminescence, short circuit 
current and open circuit voltage were measured using a specially designed installation with the 
resolution of 25 points per millimetre. 
EXPERIMENTAL  
As a first step on a way to develop molecular plastic solar cells using both 
advanced organic synthesis and supramolecular engineering approach on the device 
scale level we developed the combinatorial chemistry technique to investigate the 
behaviour of soluble fullerenes and TCNQ derivatives when mixed with the 
substituted BW-poly(paraphenylenevinylene) matrix. The method is based on the 
diffusion profiles, produced by low-molecular weight component and spreading from 
the phase boundary into the polymer layer as far as 20 -30 mm. This is realised by 
means of putting the small drop of fullerene or TCNQ derivative, dissolved in mixture 
of toluene and chloroform in the centre of spin-cast BW-PPV layer. Since toluene 
swells the polymer, almost not dissolving it, and chloroform dissolves the polymer, 
varying the ratio between these two components, one can control the ratio between the 
diffusion through the swollen matrix and mutual intersolubility. This way we obtain 
the concentrations of fullerene within a polymer ranging from 100% to 0% at 
distances of 20-3  mm. 
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 FIGURE 1. Installation Scheme. 
In order to study the optical and photovoltaic properties of obtained mixtures the 
scanning measurement technique was developed (Fig.1), which allows to measure 
absorbance, photoluminescence, short circuit current and open circuit voltage with the 
spatial resolution as high as 25 points er millimetre. The scanning 
photoluminescense, short circuit current and open circuit voltage measurements are 
realised by means of focusing the light from Xe-lamp or luminescence exiting 
monochromatic light (WL ca.400 nm) onto the surface of the sample, w ich is th n 
moved stepwise using the mechanical drive. The focused spot size is around 100 
microns and each step moves the sample by 30 microns, thus allowing the 
measurements with the resolution of ca. 50 microns.   The scanning absorbance 
measurements are realised by means of projecting of collimated beam from the Xenon 
lamp through the sample onto CCD array. The method permits us to make 500-1000 
points measurements of all mentioned parameters depending on the ratio between 
soluble C60 or TCNQ derivatives and polymer which is changed from 0/1 to almost 1/0 
along the diffusion gradient profile. The scanning absorbance and luminescence 
spectra of one of the fullerene derivatives blended with BW-PPV can be seen from 
Fig. 2. The ratio between peaks on the absorbance spectra of the blends compared with 
the absorbance of the ethalon blend structures, made for reference allowed us to 
estimate the ratio between the polymer and fullerene derivative along the diffusion 
profile. 
RESULTS AND DISCUSSION 
All the results are combined in concentration as estimated from the absorbance 
spectra. It can be seen, that luminescence is quenched completely within the fullerene 
concentration range of around 3 vol.%. This points out the fact that there is basically 
no problem with he photoinduced charge transfer in the molecular plastic solar cells. 
The more important problem is to separate charges on the device level to avoid 
recombination. 
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 Figure 2. Scanning 
absorbance (distance between 
measurement points 300 
microns) (a) and luminescense 
(distance between 
measurement points 100 
microns) (b) spectra of BW-
PPV+C60 blends along the 
diffusion profile. 
Figure 3. This figure shows the 
change of luminescence intensity, 
short circuit current and 
approximate fullerene derivative 
volume 
The dependence of short circuit current on the fullerene concentration looks quite 
surprising, since it manifests the fact that the more fullerene we add to the blend up to 
the concentrations as high as ca.90 vol. % the higher short circuit current is. Th s fact 
contradicts the existing paradigm, stating that photoinduced charge transfer from 
polymer to fullerene is the main source of photocurrent. A probable explanation 
follows from the analysis of IPCE spectra of the blends (to be communicated 
elsewhere) which shows significant peak at 320-350 nm associated with C60 u - t1g




Figure 4. The dependencies of 
luminescence, Isc and con-
centration on distance along 
diffusion gradient. 
The difference between the sharp interface structures and blends is provided by the 
nanocrystalline character of fullerene phase in blends. If in the bulk fullerene layer the 
electron exited to the t1g level can easily drop dwn to the long living h1  , in the 
nanocrystal  this process can be suppressed due to discrete character of phonon 
spectrum, and difficulty to dissipate the energy of the order of 1eV. This fact probably 
gives rise to the enhanced quantum efficiency of hu - t1g transition in polymer-
fullerene blends with the phase separation on the nanometer scale. 
CONCLUSIONS 
The first conclusion that we would like to outline consists of the fact that the 
combinatorial technique along with the scanning optical and photovolt ic parameters 
measurements is a convenient tool for the investigation of polymer photovoltaic solar 
cells, since it allows to avoid the routine blend-and measure way of studying the 
concentration dependencies. 
The second result is that the photovoltaic properties of fullerene based photovoltaic 
cells vary significantly, depending on the morphology of fullerene phase: whether it is 
bulk phase (as in the case of bi-layer structures) or nanocrystals (as in the case of the 
polymer-fullerene blends). 
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